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keyboard layout and index 


01 23*56789: Numeral keys ’for d»u entry (page ] 
J decimal point (page 10 ) - 
Q 30 S : Arithmetic operators (page 12) 

(5 : Executes all ponding arithmetic operations (pege 12 ) 

( ) : To basin and md a new set of arithmetic 

n n ■ 

operation during chaining (page 13) 

’■, General Function 

EEL = Change 1 1 gn (page 10) 

im Exponent entry (page 10) 


| V|MS 1 \ K*V tor int*r)ntf number in Hour/oegr«» 

MJrlut* * Second mod* (pifli IS) 
jyj j T*Ha* reciprocal of displayed number (pafl* 14} 

ia^kA : Squiring or taking square root of display numtur 

' ’ (pifli 14) 

fjl YT ; Rilling to the xth pow&f or taking the 
^ x:K root of v- (pas* 

): Inching® the two operands of arithmetic 

operations, (peg® 17) 

iron mn no* 1 I ■ Common sod natural Icga- 
1 * ' rithm or-emMogafithm (page 14) 

CTrJE^J [tin] sin - 1 CQjr] tan - 1 ; Trigonometric 

“ 1 and inverse trlgono^ 

7 ■ ■ metric functions 

(page 15) 

A^r ; Xo convert the mode and the displayed numt^r 

^ r Into degree or radian (pegs "'9) 

ef Generate* the constant m 3.141 S926&4 ((Mgs 20) 

frra v rFrcm i^i] sro? rci 2 ^3 

tiot* rice'll or add displayed nuibber Memory 
1 or 2 (p aga 21) 

D i k*V acceoing ttiB'iflboua^fchH-key-top funciLOrvs 

(CUM lOI 


|lN t/| 

eee 

CA 


Inverse key, used in unit conversion* (page It) 

Clear key that dears entry or arithmetic 
operations (page 11 ) 

Clear all registers except memories 1 and 2. 
(page 11} 


I CM PJ : Executes th* tpsc'ai navigation, functions (page 22 ) 


Vector Manipulation 

|OI fl 1 | J - SPO^ j Dl R^| j SPD. Stays for eniBring 

the direction and magnitude of the 1 st or 2 nd 
vector in vector addition or subtraction (page 231 

V+ V- : Executes vector addition-or subi^action 

I—l r > 

DIR fl 5FD i Retrieves the direction or magnitude of 

I-pr-the resultant vector (p*^ 23) 

Parameters for Wind Triangle 

[ WInDi For ontering or retrieving the wind dii-pcrion 
i QfK I : [pagt 30] 

| WIND] For entering or retrieving wind speed (page 30] 


| HD 6 ~ i For entering or retrievim the heading of an 
aircraft (page 20 ) 

\ taS J : For entering or retrieving The true air speed 
of an aircraft (page 30] 

rCR^l : For entering or retriovinfl rht coursi: of 
aircraft (page 30} 

[CSI ; For entering or retrieving the ground sptOd 
of an aircraft (page 30) 

General Parameter Entries 

| DI5T 1 r For entering or retrieving the distance between the 
aircraft and h* destination (page 3 ?) 

| DIST 1 ] | D^ST^ | For entering or retrieving the 

- J distances between two points 

(used Tn P 2VDR . C CQF\ . 

2 VQR (page 25. 35, 36) 

I oh' I ; For entering or retrieving difference in arii- 

tude between DME station and sir^aft (Used 
in DME calculation.) (page 24 } 
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{OTZT 

£kCL 


dT5t 

OFF 

FALTf - 


ISPD : For entering or-retrieving the speed of an aircraft 
|pjufL as measured by DME (used in DME calculation) 

(page 24} J ' 

Distance Mown by aircraft (used in C COR 
Calculation} (page 25) 

□ irtanoe off the planned course (used in 
C COR Calculation} (page 25} 
r — -: 

Pressure Altitude [Used Jn MACH , QALT 
TAS, TAT*Calculatlons) (page 29, 28, 27, 25) 
Calibrated Air Speed (Used In MACH, QALT, 
TAS, TAT Calculations) (page^29, 2S, 27, 251 
Indicated Temperature {U»d in DALT . TAS , 

I I I 1 

TAT Calculations) (page 2S, 27, 2S) 

Time elapsed between two events (used in 
P IVOR ana P RMB Calculations) (page 34, 33) 

i-^~i i-i 

Readings from VOH stations (Used In 
F IVOR . P2VOR, QME, H IVOR, 


rrND - 

LXEMP 


fTf^l 

n^n 


N 2VQK calculations) (page 34, 35, 24, 37, 33) 

I H EG 11 IHD" 2 [ : Bearings between objects (used in 

P 2VQR , N 2 VO R ) (page 35,30) 

LNG Entering or retries 


LAT C 

r— H 


LNG S LAT n 


'ing the latitude* and longitudes of 
The starting point and destination 
(used in NRMB end F RMB) 
(page 36^33} 1 


Function Definition Keys 


OME : initiation of OME fDistance Measuring Equip- 

: 1 mens} Speed correction function (pegs 24) 


C COR 

I-L 

WlNDZi 
l -[ 

MAC FI 



Initiates the off course correction function 
(page 25) 

Initiates the solution of the wind mangle 
(page 30-3-7) 

Initiates the calculation of MACH number 

(pago 29) 

ini tiara the calculation of density attitude 
(page 2S} 

initiates the calculation of trUO air speed 
(page 27 j 


G. 


TAT : 

p rme 

P TVER 
P 2 VOR 

N RMB 
N tVQR 
N 2 VQR 


Initiates the taiculaTion p[ rrur jir rfnrpcrjri/^ 
(Page 2 S) 

thlttaiet T*C function -f Hiding current 

position by Rhumb fino [page 73) 

Initiate* finding portion by 1 VQR lpage 3 dl 

initiates f \r\d\f\Qposition by 2 VOFt? 

[page 35 } 

r IrL.uftTei n by Rhumb (me h p 3tfH? 35; 

initiates navigation by 1 VOR (page 3a> 
imtiitei navigation by 2 VQR (page 35-, 
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OPERATING instructions - 
fundamental 

1 . Power On 

To ywkch on the calculator, turn the switch 
to the Le+t. Zero in display indicates that 
power is on, 

2. Display Forma t 

At most, fou rtwn digits (including sings) 
can be display^ on Ya ur calculator. 

Sample display: 


I2345fi7fi9 9 K>\ 

t f + 

menTissa sign 
, of onant 


The mantissa is a maximum of ten digits 
with or without a decimal point. The sign 
of the mantis is positive if the sign of 
the mantissa field Is and negative 

Vf the sign of the mantissa field contains 
a " sign. 

The exponent is & maximum of two 
digits. The sign or the exponent it pos¬ 
itive if the sign of the exponent fie^d 
is blank and negative H the sign of the 
exponent fie'd contains a 5'0 n 


Your calculator has two display dot 
indicators, one On the left end of the 
display to indicate the upper function 
key mode, and the other dr the right 
of the second exponent digit to *ifln 
ify rod fan mode. 

The Navigator 50 also has a busy 
signal which appears on the left of the 

lefi most argil d the display- The busy 

signal is a dash which appears when a 
computation Is being carried out. 
Depressing any key while the busy 
signal ps showing do®* not affect the 
computation. 


e. 


Sample display: 


[2.14675^9 8 


Error Oijpfay 

If an improper operation Is carried out, the 
word ERROR wifi appear on your display 
To dear rhe ERROR display, press 


Numerical Entry 

FntermaposWvenu n^rby p '^XZ n 
digit Keys in order, iron left to rjs . 
not entered, the decimal point is essuim 
M to the right of the 'e«t significant digit, 
which is the last number entered. 

To enter negativ e num bers, simply enter as 


a positive and then depress I I 

To enter exponents, enter the mantissa 
(maximum to digits) and 
(Eriand enter in 'he exponent number 
(maximum a digits,. T.«n»« 
ative exponent, depress P t -| n ‘* r 
entering in the exponent number. 

Upper Function control Key and Inve 

* evs C23 nESl 

Th . m itev ii ^pressed whet' an upper 
lection is required <*«"«'=« above 
key topsl 
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The | {irwrj kay raquirod Ipr obiaminp 

The LinaT cOnt/&rtiom Itff&m Urtpi 2 to 

Unit 

NOTE L 1) WHEW REQUIRING THE 
UPPER CASE INVERSE 
FUNCTIOMS [SUCH AS 
THE UNIT CONVERSIONS). 

the order of Entry 

OF THE £f) and [Tm^Tl 
ICE VS J£ NOT IMPORTANT. 

2) JF TRE |T| KEY IS 

ENTERED ACCIDENTALLY 
DEPRESS IT ONCE WORE 
TD REMOVE |T FROM 
THAT MODE, 

Sa CJaarmg 

a. Td clear bn arronaous entry ^riiie 

kttping prior numerical enrritj intact, 
deprctt | L, CEJ one*. 

EXAMPLE. A - r - 2 |C/CEj 4 FH 1 

Prining [C7cE] once c lean The drspfjy, 

b. To ctaar a calculation and s.io^v far th$ 
entering of another catcLi’dt.oj'i, depr«s 

[ CjCE J Twice lutemiivtiV, 

c. To clur the memory registers, ddpftiss 



d. T& clear the calculation as well aJ the 
memary raaijten . switch off the power 
and srtTteh jt on again. 
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Simple Arithmetic 
Four functions □BSE 
To perform simple addition, subtraction, 
multiplication or division, simply enter as 
the problem appears: 

Example x + y +■ z 

KEY ENTRY DISPLAY EXPLANATION 
x x 

\.+\ x for simple addition* 

V : Y 

0 v 

X * 

rn x + v + z 

* F or simple subtraction, multiplication or 
division, simp ly p ress the required key ti.e., 

0 ,0- or B ) - 

Remark: The |"l T Xev presents the final 

answer, Thera" r* no need to enter 
The r°l. key after the first operation 
since The result is displayed after 
the function key is depressed, 

7, Chained Calculations 

Chained calculations involving several opera¬ 
tions ouch bx the calculation of the sum df 
product* or the productof sums can be 
carried out bY using parentheses, refer to 
page 13 Simple Gaining can be carried 
out as follows: — 

Example ; x x y -r w 
2 

KEY ENTRY DISPLAY 

x GG 

Y V 

L3 - 

C3 ™ 

CD *** - iv 

T * 

Note' Chaining can be carried out with most 
functions although it is not available 
for certain advanced functions. 

12. 


6 , 


Parentheses { t } 


i —> 

The use of parentheses is very important 
in chained calculations because parentheses 
allow the user to enter the equation exactly 
bs it is written - . 

To illustrate this point, the following example 
is provided. 

Example: 2 x (5 + 3} - 

Enter as follows: 

KEY ENTRY DISPLAY EXPLANATION 

2 0 2 

0 JL, 1 

5 0 5, 

3 3 

|~F| } fl 5 + 3 

l~=l 16 2 x (5 + ai 

Note: Par«ntheiAt msY not be available 
for certain advanced functions* 


13. 
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Singly Functions ._ 

Finding square of number! ) x | 

To fn'nd mi iqijirs of a flu rr tber. enter the 

number, than diprm J ^~2 | 

Finding squurt root Of numbers ^x~ 


To obtain the iquar* root of a nu mbe r, enter 
the number, than depress f F j 


Now; Valid lor * ,> 0 

Finding reciprocal d mi in hart [7/xj 

The rflciproeif ol a number can bo obtained 
by entering i n the number and than depress¬ 
ing the key Q7*j, 

Noth: Not t/alid for x - Q 
Finding natural logarithm of numbers [in 1 
To find the natural logarithm of a number, 
enter the number, then d«prw [<rT| . 

Note: x >0, 

Finding e to tb< power k [~f| e* 

To obtain the « to the power x of a number, 
enter the number, than hay £n^J 

Finding common logarithm of numben | log J 
The common logarithm at a number can be 
obtained by entering In th* number and than 
depraving [log| , 

Note: x^O. 

r t ^ 

Finding common anti fog of numbers ^10 

Tb carcu»at* the cdmmon pntilofl of a number, 
enter the number, than kay in r^TI |qX 


id. 


Finding trjgonomtftric functions fsTn] , fc^J , gh[ . 

-l -i -i 

-S in 

To find the sine of a number in degrees enter the 
number and then depress |Sin J . The CPaine and 
tangent can be obtained similarly. If you w^nt to 
calculate the S ine of a number in radians set the 
calculator in the radian mode by pma fTT d^->r and 
then enter in the number, followed by gfn| , Yh* 
Cosine end tangen t can be found 

similarly. 


To find the inverse sin of a number, enter the 
number, then depress r—i ,1 The 

| Fj sin _ 

inverse of the cosine andtangent can be obtained 
similarly. 

Note; tl > inverse sine and cosine <1. 

<2) also tan 90° or ran 7T/2 is invalid. 
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Using th» Ex change Rapingr Kpv * wy 
Tn a BICh . n9e kBy , ***y r . WKI Tho or(Jer oT ^ 

rs^r~- * ■ v w " 1 bsct » nB v ~ * 

The axchans* **y c*n Uf6ff fc roj| 0 ^ : ' ' 

<CEY entry display 

X 

E 

y 

xtvy * 

H V * x 

N&1 ' : I 0l iT ^ ** feJ “ h “* /•Bitwr key t 0f 

Tt^tt Id li f>wi ns opsrHi&flu Civilian 
wbtraeiiDn^ [>Q*rtir 4 r, d 


x 

x 

V 





Houf-Mimig'SacQnd Function (Qr Degrees- 
M inute-Seopnd Function) ^ 

a. Hflur-Minutfr-Second Entry 

To enter numbers in rh a hour-rninut»- 
secOnd lor dcgrofl'mlnutt-aocand) fprmal, 
enter the houn or degrees (intflfler up in 
$999) and then depress fHMSj . The 
minutes can bae rtered next followed bv 
depressing [HM^l , To enter tha sec onds, 
enter the seconds and then depress |HMSf 
(Both tho minutes and the wCO n ^i can be 
entered up to 99, in in toper l^rm.) 
Supposing we want to arlpr 30 duress, 

45 minutes and 1 0 seconds, anttr as toHows. 

KEV EttTRY DISPLAY EXPLANATION 


[HMS1 39^15 

10 30-45-10 j 0 degrees- 

45 minutes - 
1 0 seconds 

ff the minutes or seconds enters are 
greater man 60, depressing an arithmetic 
operator or the equals key will normalize 
the answer, 

b. Hoor-Mlnute-Second Arithmetic 
Arithmetic operations such jt addition, 
subtraction, multiplication or division can 
be carried out in the H^M-S format. Arith¬ 
metic operations where the first factor rs 
expressed in the H^S mode and the second 
m decimal, will give results in tha HMS 
mode. Addition or subtraction with both 
factors in the HMS mode wiJl not change 
the mode. 

However, it multiplication o." division ts 
carried oul the result will appear in decimal lornn* 

c, HMS/Qpcimal Conversion 

To convert the decimal fprrr. into the HhAS 
format (La, hours/depreei^minut*HecQnds) 
deprvts r^"| [d) dms 

To obtain the decimal form when you have 
the display in the HMS mode, depress 
t (ihv) | [El (dldms t g. 


1 2, Pcgnee/Radian Conversio ns & Modes 

When you require either a Oegrw/radion 
conversion or a change of degree Radian 
mode, press: 



Pressing the above will both do th* CO n- 
s*rjjon and reset the mode. In otflor words, 
if your calculation is in degree mode and 
^ d^r Is pressed, e degree to radian 
conversion is done and your cal¬ 
culator is put in radian mode. Likewise, 
if your calculator is in radian mode 
and F d r is or eased r a radian to 

degree conversion is done and your 
cziculHTor i* put in degree mode, 

RvTw for dacermining youf calculator's mode 
are: 

1) When turned on, your calculator Js 
initially in degree mod e. 

2) tf there is a decimal point in the 
exponent field of the display, your 
calculator is in radian mode. If not. 
your calculator is in degree mode. 
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13 . _Umt Convert ions 

The unit etfnvenions available on your NAVIGATOR 


60 ere 95 

fallows: 

CONVERSION 

factor 


ouantity 

Unit l to 

Unit 2 

Unn 2 to 
unit 1 

(mi) r\n-\ 

statute miitn 10 

0.66097624-1 

t, 150779445 

1 -1 

nautical mUe* 



(km) nm 

kilometres to 
nautical miles 

0.539956903 

1.352 

(m) It- 
1- \ 

metre* to feet 

3,280839395 

0.304S 

(°FI fl C 

1-—1 

degrees Fahrenheit 
to dogrete {°F*32J 4. 1.8 

0 5 

f D C xg) ■* o2 


Centigrade 

Id) dni$ oecim^I degree* 1 oegree ■* 60 minutes - 
1 TO dogreet/houi- 3GQQ second* 

mi nu ^seconds 

Pi Convent 

To osijin The conitjui ^i. depr*i$ ) F [ 'TT . 

1 - 1 r—i 

Note: *T = ml 69265-4 
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Memory Reg Is can and Memor y Functions 
There are a maximum of two mampry registers 
available for the u*er, 

a. Storiftgtha Display in Memory Register 


For storing a number dn display in a tremors 
register timpfy dopros jfSTCPjl ar fFlSTO 2- 
For [ntTMco, to stoffl 4B& ip memory [■■qisttr 
1 . enter 455 and depress fSTQ 11 . 

. Recalling the Quantity Stored in Memory 

RagrJier [~RCL~Tj RCL ^ 

For ratal ling a value stored in a memory register 
simply depress [HCL_ t 7 t o recall value in 
register 1 and depr^st ] f] FCL 2 t& r*c?M value 
Jn register 2^ To rcta/l 4£ 5 stored in memory 
register 1, d&prosj [ RCL ll to obtain 4S5 on the 
display. 

Add it ion/Sub traction with Memory Register 

EH ~ : 

Ahoiher important feature of the calculator is 
that addition or subtraction can t>a carried out 
directly T&tha memory without me need to 
nacall the value, For instance, to add a value 
^ to whatever is st ored in. memory register T ( 

enter a£nd_deprasf[tlj- To obtain the answer, 

press [RCL 1 [ V«/u« can be added similarly 

to memory register 2, 


Nf OPERATING INSTRUCTIONS-NAVIGATIONAL 

Ugirtg Your Navigator Calc ulator for Solving Navigation 

Problem*. -'--—- 


in general, the koy sequence should be.*s follows: 
Steo T- define the function to be performed: 


Step 2 : 


Step 3: 


fF| Win DA (Not#:- 

_ r- [ -. 

Ihe Function d ffinitfons a p pear above the 
key Tops in special lartarinq). 


fcnBBr the parameters required for meaningful 
computation of the function. The parameters 
™ h B i rt «... —- - Number 

Number 


WiklD 

Number 

-yjmu 

DIR. 


SPD 


LHDGl Number 


Starr the computation by prwin a ICMP 1 
The result will b* dlsprayvd, U th« result 
is made up of two p^rts, one of th«m will 
be displayed and the other part can be 
obtained by prostinp the appropriate key; 

e.B, course will b« displayed after [cMg \j 
preraid, to pet the oround speed, we have to 
then press [G§] . 

fn most case*, the parameter! entered will 
not b* changed by the computation, and 
they can be retrieved by pressFn s the same 
key as in tha parameter entry, o.g, 
f t-iS| for retrieving True air speed entered, 
flhvr tha computation. 


Npts: The Calculator has to be In degree 
made for any navigation problems. 
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Navigation Problems 

V+ V- 
r—» i—i 

1. Vector Addition and Subtraction 

a, V+; SPD R J (DIR^ SPD^) + 

CDTR~SF6p 

b. V' ; (DIH Rr SPD^J = (Oi R r 5PD*) 

(DTR r SPD^l 

KE V SEQUENCE 

INPLJT/OATA KEY COMMENTS 

STROKE 


Clear the parameter 
te^r*tjar> before enter¬ 
ing a new "iat of vectors 
(omit F CA in case of 
chaining] 


Direction of 1 st vector 




Magnitude of 1 st vector^ 


Direction of 2nd vector 


Magnitude of 2nd vector 




ra 


g] V+ or This wtlf carry Out the 
1 * vector addition or sub- 

IP] v traction, and direction 
f 1 of resultant vector will 
be displayed auto¬ 
matically. 


p] $PO R To set magnitude of 
1 —' f- 1 the resultant vector. 


Note: After evaluation of the re-iuftanr vector, Dl R 


to fatiJitaie further operations. 


i,*.. 


v + 
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2, DME: DME Speed Corraction 

To correct for the ground spaed obtained from 
the DME speed Indicator when the aircraft 
is not flying directly to or from the DME station, 
data may be entered as follows: 


KEY SEQUENCE 


INPUT/DATA 

KEY 

STROKE 

COMMENTS 


[f~1 ome 
-1 

Start sequence by 
defining the DME 
function. 

Speed of aircraft as 
obtained from DME 
reading fin knots) 

ISFD 

|dme 


Direction to or from 
DME station 



Course of the aircraft 

|CRS | 


Difference In altitude 
between aircraft and 
station fin feet) 

ghl 


Distance to DME 

[disTI 

The actual ground 

nation {in nautical 
miles) 


speed In knots of the 
aircraft will be dis¬ 
played 

| CMP | 


Caution: When course and VCR radial near 9G & 


flngla speed correction becomes vary 
sensitive to errors In DME spaed raiding. 
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3. CCOR: Off-Course Correction 

To calculate the distance between the destination 
and the off-course position, the foil owing key 
itrakfl may be used: 


KEVSEQUENCE 


INPUT/DATA KEY COMMENTS 

_STROKE 


E C COR 

J *Start sequence by 

defining the COR 
function. 


Total distance between! DlSTJ 

the starting point and ' - 

the destination 


Distance flown 

Distance off course 


! DIST 

I FIN 

DfST 

OFF 

[CMP | The change in course 
required to fly direct¬ 
ly from the current 
position to deitih- 
ation will be displayed. 

[ DIST | To find the distance 
between the cu rrent 
position and dest¬ 
ination. Pressing 
| HDG^ jwill return 

course correction to 
dfepTav. 
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The True Air TempemTUfc can on calculated given the 
pressure altitude ih a calibrated air speed in knbLs and 
the indicated temperature. To Obtain the true a]r 
temperature, the fallowing key wqudnce may be used 


KEY SEQUENCE 


INPUT/DAT A 

KEY 

STROKE 

comments 

IT TAT ^ 

Start teoudrico by ddln- 
ing thi TAT function 

Pressure altitude 
(in f»t] 

PALT j 


Calibrated a[r Speed j 

[in knars) 

[tAi I 


tndtcAteo temfscr&iuf't I 
°C> 

[ IN" Q _ 
(TEMP 



\ CMP 1 

True air tamperatur* in 


C will be displayed. 


5, TAS 


True Air Spaed 



6. DALT Densilv Altitude 

i ) —;- 

The Density Altitude can be calculated by entering 
si follow*: 


KEY SEQUENCE 


jnput/data 


Pressure altitude 
tin tftei) 

Calibrated air spaed 
(in knottj 

Indicated air temp¬ 
erature (°CJ 


KEY COMMENTS 
STHOKE 


ElpAjjr 


Starr sequence by de¬ 
fining the DALT fun¬ 
ction. 


fND 

TEMP 

|CMP | 


Density altitude in feet 
win be displayed. 


Note: rf True air tamporsiuK instead of indicated 

air temperature Is to be entered *t para- 
meters, enter D « the CAS. 
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7. MACH MACH Number 

I 1- 

To obtain die MACH number, enter parameters as 
follows: 


KEY SEQUENCE 


inpuVdata 

KEY 

STROKE 

COMMENTS 


Vn MACH 

1 fetert sequence by de¬ 

fining MACH function. 

?rHfur> aliitLhda 
fin Feel) 

[palt) 


Calibrated air speed 
(in knots) 




rc&n 

Mach number will be 
displayed. 


iy. 
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8. WINDA Solution of Wind Triangle 

I-1 -:- 

There are four caws in this -function: 

a. Given wind direction, wind speed, true air 

speed end course, we went to find the heading 
and ground speed of the aircraft. The key 
sequence Is: 

KEY SEQUENCE 

INPUT/DATA KEY COMMENTS 

STROKE _ 

@W[NDA Start sequence by defin- 
• * ing WI N Defunct Ion, 


[“EJ 

[ CMP] Heeding of the aircraft 
will bo displayed. 

| GS_j Press to get ground 
spaed. 

Note: JTag on key top is for entering parameters of true 
air speed. TheTAS above the CAS key top is tor 

t i 

defining the TAS function. 

An error message will be displayed upon pressing the 
ICMPi key If tho parameters eotertid do out conform 
to any of the four cases described here. 

b F Given wind direction wind speed, heading and true 
air speed, we want TO find the course and ground 
speed. The key sequence Is: 

key sequence 

INPUT/DATA KEY COMMENTS 

_ STROKE _ 

I E J WIN Ol sten cequeoce by de- 
^fining WIN Dflfunction, 

WIN 0 
DIR 


Wl NO 
DIR 


WIND 

SFO 


Wind direcooo 

Wind cpwo 

True air speed 
Course 


Wiod direction 


Heading 

ThOGI 


True air speed 

l™ s 1 



r^i 

Course will be dis¬ 
played. 


[^u 

Press to get ground speed. 


c. Given wind direction, wind speed, ground speed 
and course, we want to find the heading end true 
air speed. The key sequence is as follows: 


KEY SEQUENCE 

l N PUT/D AT A KEY COMMENTS 

STROKE _ 


Wind direction 


Wioo spaed 

Ground speed 
Course 




I N DA Stan sequeoce by da- 
•fining WjN DA 


fonctlqn. 


VfllND 

QIH 


WINO 


SPD 

i 

rss J 


T CRS[ 


rcMp] 

Heading will be dis¬ 


played. 

r«s i 

Press to flat true air 


speed. 


:'.-k 


SI 
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d, Qlvan tcu* air ground speed and 

cowrit of the aifCr*11 , waftt id find the wind 

direct ton and wind tpaad. The key sequence it 
** tdllow*; 




Wind direction vvifi be 
displayed 

Pr*ts to flat wind speed. 



prMB : Position by Rhumb Lina 

Given the Latitude and Longitude of The starting 
point or last position, the course and ground speed 
of the aircraft, and The flying or elapsed time. We 
want to find our current position in terms of LAT 
and LNG* The pa ran™ tun; may t» entered as 
follows: 


INPUT/DATA 


KEY SEQUENCE 
^ KEY COMMENTS 

STROKE 


[F] FRMB 


Start sequence by de¬ 
fining PRMB function. 


Latitude of the start- JQ L AT g 
ing point f= * 

Longitude of the E LriG S 

starting point i T 

Course fc- 

Ground speed I'm knots 1 _ 

1551 

Elapsed time (in houn)_ 


jCMPj The latitude of our 

current pwltion will be 


0 LNO a 

T 'Press to get th« lonfl- 
itud*. 

[Mots: it'* computation,, LAT^ end LNG^ are 

replaced bv LA^ D and LNG d for further 
chaining. A TIME it alto destroyed. 
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10 , P_f VQR : Position by IVOR 

Th* Navigator allows you to calculate the distance 
of in arrcroft from a VQR station. Information 
required for the computation: ground speed and 
couna or the aircraft, fintend second radial 
reading frorn the VOfi, and the elapsed time 
txthe two readings. The parameters may 
Ck entered as follows; 


l NPLiT/OATA 


Course 

Ground spaed 
Radial reading ] 

Redial reading 2 


KEY SEOUENCE 

key comments 
stroke __ 

Ff P IVOR 

Start sequence by deftm 
ins P 7 VO FT function. 



El 

E 


Elapsed Tima (in hoursi fS TIME 1 

IcmfT 


Distance will be dis¬ 
played. 


IT, P ?VPR : Position by 2VQR 

The Navigator also allows you to ca^utatB the 
distance between one of the two VQfts and the 
aircraft, information required: Qiitance battoAen 
VOH 1 end VQR^, bearing of VOR^ and VOF^ 

radial: from VOR. *nd WOR . The para man re 
may be entered asVoiiowi; 


KEY SEQUENCE 


INPUT/QATA 


KEY COMMENTS 
STROKE_ 


E F> 2V Q Ft , 

Start sequence by defin¬ 
ing P 2VQR function. 


CistancD betbrwn tho pIST 
TwO V Q Rs 


1 


Bearing of VQR from IHQG ] 
VOR 1 f ■ ■ i 


Radial from VQR^ 
Radial from VQR^ 


£□ 

O 

1 cm FI 


Distance of eireratt from 
VDR 1 will be displayed 


ft 

{■.. 


Jv 

ss. 
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to RM B Navigation by Rhumb Line 

The rhumb line course and distance can be cal¬ 
culated between two coordinate points, qn the 
globe by entering as follows: 


KEY SEQUENCE 


INPUT/DATA 


KEY COMMENTS 
STROKE 


V^j to RMB 


■Stan: sequence by defin¬ 
ing N RM6 function. 


Latitude of starting fj= j LAT* 
ooint ^ 

Longitude of starting | P f LNG^ 


Latitude qf destination ! P ~] LAT q 
L ongitude of destination I "f 

Ell-Ne D 


\ CMP ] Tbe course wjH be dis¬ 
played + 

1 DJST| Pmss to get the distance 
in nautical miJet, 


Note: To facilitate chaining of Rhumb line. LAT* and LNG 
wijJ be replaced by LAT and LNG £ 5 

after computation. u 
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N IVOR : Navigation by IVOR 
To compute the court* to destination and distance 
between destination and aircraft the followmg in¬ 
formation is required: Distance and hearing of 
destination from VOR station, radial reading from 
VOR and distance of aircraft from VOR. ° 
obtain the course, enter as follows: __ 

key sequence 

input/data key comments 

stroke _____— 

m n 1 vor . 

r Start sequence by defin¬ 
ing N IVOR function. 


Olstencfl between destipDlSTp 

nation and VOR 

Bearing of destination J~R 


Distance bet«^n air- ^OlST 
craft and VOR 


Bearing of aircraft 
from VOR (radial) 


Course will be display^ 
press to get distance to 

destination. 


Note: R is destroyed during computation. 
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14, N 2 VO ft : Navigation by IVOR 

t - 1 --—--- 

To navigate t»Twtfn any two ppinu provided 
signals can be received from two VOR stations, 
the following information is required 
Distance and bearing of destination from VOR^ 

distance and bearing of VQR^ from VOF» 1 and 
fadials from VOR^ and VOR^ To obtain the 
distance and heading*, enter parameter 35 follows: 


KEY SEQUENCE 


INPUT/DATA KE V COMMENTS 

__ STROKE __ 

pF| N 2 von 

1 S^art sequence by defin¬ 

ing N 2VQR function 

Distance between doat-1 D 1ST "I 
nation and VOR l ' -- —' 


Bearing of destination I HDG 
from VDR 1 I 1 

Distance of VOR^ 
from VQR 1 

Bearing of VOR [HDG~ 

from VO R 1 3 - - 


Q 


Radial from VOR 1 
Radial from VOR 2 


CD 

[fU 

| msr"~] 


Course will be displayed 
Prass to find distance 


Note: During tom potation, RDG^ H OG^ and R 
are destroyed in regfsur H 


IV APPLICATION EXAMPLES 

1. Vector and Subtraction 

2. DME Speed Correction (DME} 

3. Off -Course Correction (C COftl 

4. True Air Temperature (TaTj, 

True Air Spwd (TaS* 

Density Altitude tDALT) and Mach Number (MACH) 

5. Solution of Wind Traingle (WIND ) 

Rhumb line Navigation [NftME) 

7 . Position bv IVOR (P IVOR) 

8 . Position bY 2 VOR £P 2VOR) 

9. Javijation b¥ Rhumbline Method (P RM 6 ) 

10. Navigation by IVOR (IV IVOR) 

11. NavigatLon by 2VOR [N IVOR) 

12. Miscellanaous Navigational Problems Usinfl Basic 

Function. 

A. Weight and Balance of Aircraft 
&. Head Wind and Cron Wind 

C. Turn Performace 

D. Great Circle Plotting 

E. Rata of CLmnb and 
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Ig APPLICA TION EXAMPLES 
1 . Vector Addition/Subtraction 

Two forces, Fi and F2, are applied to a unit mass. 
Calculate the mul tant force r Ft acting on the mass 
ff: 

FI ^ direction 3 r magnitude 5 
FI* 2 direction fl r 3 F magnitude $ r 2 

Ft=Ft+ 

Solution : 

Entpr as follows: 

display explanation 

3 

3- 00-00 
5 
5 

i.3 

4- 1S-Q0 

6,2 

6,2 

3^33^11 
11.1992S7E6 

The resultant force is ( 3 P 43 - T 1 ", 11 , 20 ), 


ENTRY 

3 


I sp dT 


ra 


CEJ sppf^ 


40 r 


2 , 


DME Speed Correction (OMEI 


This funcifdn cdlculitvf ground speed from the 
DME speed indicator mrhen the aircraft is not 
flying directly to or from a DME station, 


SPD 


PME 


cos tDIR v -CHS)| 


Jf the altitude of Hie aircraft and its distance from 
the DME station fs kno^n, a more accurate result 
can be obtained: 


GS 


SPP DME * PIST 2 

cos (DIR V -CRS}| DlS*T 


wheraSPD^ M ^ is speed obtained from DME tp»d 
indicator. 


DIR^, is direction to or from DME station 
CAS is magnetic cour« of tha aircraft. 

Ah is altitude at tha aircraft, 

QIST is distance of the aircraft from th* 
DME station. 


Note: Accuracy of the function suffew v-heo 
the aircraft crosses the DME redials at 

an angle larger than 60 C 





Examole 


ENTRY 

|f] dme 

245 

| CR$ | 
197 


129 

$PD 

DME 

| CMP 1 

FI dme 

5 

| DIST| 

15,000 

[~ CMP~| 


An aircraft flying a course Of 245° 
intercepts the 197° to radial of a DME 
station. The Indicated DME soeed is 
129 knots* Find the ground speed. What 
is the ground speed if the aircraft is 
actually 5 nm away and at an altitude 
T 5,000 feet above the DME station. 


DISPLAY 

EXPLANATION 

0 

define function DME 

245 

245-00-00 

enter course 

197 

197 

enter radial 

129 

129 

enter DME speed 

192.7874749 

ground speed fs com¬ 
puted 

0 

define function DME 

5 

5 

enter distance from 
station 

15,000 

15,000 

enter Aaltitude 

215.00566S4 

ground speed is com¬ 
puted 
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3. 


Qff-Course Correction (C COR) 


This function comoutes the course correction 
required to reach destination directly in an off 
course situation. The distance to destination 
is also computed* 




. -1 DlST OFF 
DlST Fi_N 


DlST OFF 


biST,“[DlST FLN) coS f, 



where; 

DlST OFF is distance away from intended 
course, 

DlST FLN is distance flown, 

DlST 1 is total distance between starting 
point and destination. 


CRS is change in course required to reach 
destination directly, and 


DlST is distance to destination from current 
posi Lion. 



STARTING 

POINT 


DlST 

d.l 


DESTINATION 


Example 


After flying 64 miles, the pilot discovers 
that he is 7 miles to the right of the 
caurie. If distance hetween starting 
pofrt and destination is 200 miles, find 
the change in course to fly directly to 
destination and also distance to fly. 


ENTRY 

display 

EXPLANATION 

me con 

0 

define function C COR 

1 

64 


64 


"DT5T 

FLhl 


64 

enter distant flown 

7 


7 


[DIST 

lOFF 


7 

enter distance off course 

200 


200 


prr 


200 

enter distance between 
starring point and 
destination 




[cmF| 


9-1303 

change in course is com¬ 
puted 

IDIST1 


1 26.6634361 

distance to destination 

So a change In course of 9* 

1 13' to th* left is 


required and distance to destination is 136.6 miles. 
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4. 


True Air Temperature ft AT), True Air Speed {TAS) r 
Density Altitude {PALT) and Mach Number (MACH1 


M*- 

TAT 

TAS 



0.2 <- 


661, S 


3,5 



tT ■» 273 

.205 M 2 + i' 


(ZT 



r 30 M/TAT + 275 


DALT*= 1453G6 


■ 5,679 x 10 -6 PAl_T ^ 2S ®} 


and CT is the aircraft recovery coefficient which can 
vary from 0.G to 1, but is 0.S for most aircraft. 

PALT, end CAS are required for finding MACH. 

PALT, CAS and I ND TEMP are required for 
finding TAS end TAT, 


PALT, CAS and HMD TEMP or PALT and true 
temperature are required for finding DALT. 

In the latter case, enter true air temperature by 
the key sequence 0 J CAS| number JIND 

1t-£MP 


Note: The pressure altitude [i limited to below 
GSOS9 feat for those functions. 

Accuracy of theu functions alio de¬ 
creases for supersonic speeds. 
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Example 1 Fmd tfie tfim air speed for a pressure 

altitude of 23.000 ft., calibrated air 
speed of 320 knots, and an indicated air 
temperature of9 fi^C. 


Entry display 

m TAS 0 

22,000 22,000 

J PA LT ~| 22,000 

320 320 

[CASj 320 

B S 

IND j 1 S 

-tewgj 

[ CMPj 452,3’!902B4 


explanation 
define function TAS 

enter pressure altitude 

enter calibrated sir spaed 

enter indicated rtmp- 
erature 

true air speed it computed 


Trua air speed 1 5 452 knots. 


Whet is the true air speed for a p.-enura altitude 
of 55,000 ft. with all orher data unchanged? 


ENTRY 
PH TAS 
55,000 



display 

o 

55,000 

55,000 

793.5S14091 


EXPLANATION 
define function TAS 

enter pressure altitude 
true air spaed is computed 


Examples : For □ pressure altitude or l^j/KKlr^u 
end 9 calibrated a'r ipeflil oi tfn-i’, 

what is tht flight m^ch ntimb^r ? M imp 
indicated air temperature is i:i“C, wh.u 
ic the True air speed? 


ENTRY 

DISPLAY 

EXPLANATION 

|"F| MACH 

define furemm maOi 

19.300 

1 9,000 


fPALT "| 

T9,000 

enler pressure j t iiitLJ=r*j 

395 

295 


F*S] 

295 

enter calibrated air speed 


0.62S99405B 

Mach number t s completed 

\F] TAS 

0 

ctofina function true air 

r 


SpdAO 

13|+ZZ] 

| -13 


IND 

“13 

enter indicated wmper- 

TEMP 


aturc. PALT and CAS 
remain unchangad. 

JCMP1 

333,ee07TB4 

true air spaed is computed 


The Flight Mach number Is 0.63. 
The True Air Speed is 3B4 knots. 


True air speed is 79B.E knots. 


Exainplfl -3 


What !i the t^u4 air temperature for a 
calibrated air speed of 320 knots. a 
prwiuffl altitude of 15,000 feet and on 
indicted air temperature of -4°C7 


ENTRV 

OlSPLAV 

EXPLANATION 

EB tat 

o 

define function TAT 


1 


32a 

320 



| 320 

enter calibrated air speed 

15,000 

15,000 


[ PALT 

[ 15,000 

enter pressure altitude 

* 

r -4 


INQ 

-4 

enter indicated air temp¬ 

TEMP 


erature 

] CWf 

] 19.36954821 

true air temperature is 



computed 


a 

Th* true air temperature is- 19.89 C, 


4fl. 


Example 4 


Find the density altitude for a prenure 
altitude of 7,000 ft. and a true air 
temperature of -12°C, 


entry 


display 

fFl DALT 

0 

7,000 


7,000 

[PALT 

1 

7,000 

0 J CAS) 

0 

12EZD 

1 

-12 

I IND 

1 TEMP 


-12 

|CMF| 

£397.746326 


EXPLANATION 
define function DALT 

enter pressure altitude 

enter true air temperature 

density altitude is com¬ 
puted 


Density altitude is 539S t«: t 

Note: In the calculations of true air speed, true 
air temperature and density altitude, we 
assumed the aircraft recover coeffi¬ 
cient, C T , to be Q.B which is true for most 
aircraft. To enter a different C T , insert 
the koy sequence: 

C.p value [A h j every time before hitting 
the iCMPl key. 
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Example 5 

For* c*ifbret*d air spwed ot 595 knots, pressure 
altitude of 10,000 feet, indicated temperature of 

and a ntt^v^ry teeffitionT frf D,G, What are zb* 
density 4ltitt^4. tru* air temperature and true sir tpflid? 


ENTHY 

DISPLAY 

explanation 

m DALT 


define function DALT 

1 L 

19,000 

19.000 


[PACT " | 

19,000 

enter pressure altitude 

12 to 

-:2 


IND 

-12 

enter Tnditaiod Damp- 

TEMP 


erature 

EOS 

595 


fCAS“) 

595 

amor ceJJbrjtsd speed 

□.9 

0.9 


r^n 

0.0 

fnt^r recovery coefficient 

rcMPi 

15296.36034 

obtain density altitude 

ITtTAT^ 

0 

dbfme true air temperature 

0.9 

0.0 


J Ah "j 

as 

oflVr recovery coefficient 

505 

595 


i CAJ J 

695 

etvmr meliorated airspeed 

[cmF] 

-63.54116637 

obtain true air wmp- 
eratu re 

W~[ TAS 

0 

define true air speed 


0.9 

0.9 



0.9 

tnwr recovery coefficient 

EfmEI 

669,3174395 

pfctarn tru* aJr speed 


Density altitude — 12,296 Ft. 

Trus *3r WmzitraturQ * ^j3.G D C. 
Tfus air tpoed ■= 660.6 knots. 
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Wind Triangla {Wind A ? 

A wind triangle is mads up of six &r>tittos - court*, 
ground spend, heading, true air speed, wind dir. 

action anp v^inp spew. 

Theoretically, ^iven any Four 
Off the eIjc quantities, we can 
snl^ For Ihft two. Thft 

calculator provides solutions 
to four Cejas of the wind \ 

mangle* a navigator may *n. \ 

:oijuvr. \ I 

a} Solving for heading and CRS \ / 

grounp speed. \ /NOG 

bl Solving for holding 3 nd \ r 

True air sp«d. \ / TAS 

ii solving for course and \ / 

srounc speed. \ J 

if) Solving for wind dir. \j 

action and wind speed, 

An error message will be generated When the CMP 
key tf prekjvd ft insufficient or more than tufficimyt 
data has t>wn entered hpr theaningfM solution of the 
wind triangle, 

Speeds can be ex pretty j n MPH, knots or kilo- 
meters per hour, anc directions can be magnetic 
ar try*, prodded the units arg used con- 

tis-cvniiy throughout Che problsm. 

To eonven magnetic directions Into true d/mcrion*. 
add the magnetic variation f- tor W end + for E) 
to the magnetic directions. 

Example 6 Find the magnetic heading and 

gro jrq jpwq for a true sir sp^u 
of 21 0 MPH L magnetic course erf 
1? J °, magnetic variation of 12°W 
and wmd is 60 MPH from iQ£)t> 


EWTfly 

rn winoa 


DISPLAY 

0 


EXPLANATION 

define function wind A 


entsr true airspeed 
mjtfnfftic course 

magnetic variation (.fo^ 
wj 



ENTRY 

DISPLAY 

explanation 

a 

112 

true couth 

|cni| 

11 2-00-00 

enter true course 

60 

60 


WIND 

spo 

50 

enter wind speed 

100 

100 


| wmo 

100-00-00 

®nter wind lOeed 

[CfcF] 

103-35-40 

true heading ij displayed 

eh 12 

12 


ezr 

120-35-40 

magnetic heading is dis¬ 
played 

res r 

160.9*020? 

flro^nd BpHd Is displayed 

So the magnetic heading of the aircraft should be 1 20° 
36' end the ground tpeed It 1S1 MPH, 

ExempJe 

Find the true air speed and true he«d 
infl to mcke good a flight scheduJe 
fcrtdwCng the tr u a courttii 64 a , d*^ 
sired ground speed 1 45 knoti and wind 
is coming from 1 00° true at 50 knoci. 

ENTRY 

DISPLAY 

expla nation 

I FfWINDA 

0 

define function wind^ 

54 

64 


fcns~| 

64-00-00 

Writer true course 

ns 

145 


rss i 

14S 

enter ground speed 

130 

130 
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ENTRY 

DISPLAY 

explanation 

WIND 

DIR 

| 130-00-00 

enter wind direction 

£0 

50 


WIND 

SPD 

1 S ° 

enter wind speed 

[ CMP] 

7S-26-3S 

true heading Ts computed 

J las 1 

171,5304093 

true air snwri 

So the aircraft has to fly 

with a true heading of 79° 


27' and a true air Spud of 1 72 knotv 


Example 2 Given a true air speed of 1GG MPH 

magnetic ^dihg of 2&4° r a mag¬ 
netic variation of 0° W ( and wind 
is blowing at 60 MPH from 1&D D 
true. What is the true course *nd 
ground speed? 


ENTRY DISPLAY 

rFf wiNOi o 

‘— J-1 

166 166 

| tss | 166 

2S4 234 

rn 3 e 


E 

FHOGf 

50 


WIND 

SPD 


100 

| WIND" 
| DIR 


276 

276-0000 

SO 

50 

1B0 

iecK)o-og 


explanation 

define liintTion w>r>nA 

enter true air ip»d 
magnetic hudinQ 

magnetic variation 
£- f di w* 

true heading 
enter true heading 

enter wind speed 


enter wind direction 
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ENTRY 

DISP LAY 

explanation 

TCMPl 

292-11-38 

true course is computed 

IgS-l 

170.3007922 

ground speed 

So the true course of the aircraft 1$ 292° with a ground 
speed of 170 MPH, 

Example 9 

What is the actual wind direction and 
speed for a true air speed of 510 MPH, 
true course of 182°, true heading of 
159° and ground speed is 490 MPH7 

ENTRY 

OfSPLAY 

expla NATION 

[f“1windA 
-1-1 

0 

define function wind^ 

510 

510 


|tas ] 

510 

enter true air spaed 

102 

102 


iCFTSH 

IS 2-00-00 

enter true course 

159 

109 


|HDG] 

1 69-00-00 

enter true heading 

490 

490 


fGS~l 

490 

enter ground speed 

a 

95-27-22 

wind direction is displayed 

WIND 

SPD 

TT4.9040751 

wind speed 


Wind direction is 35° 27' and The speed is 11 5.4 MPH. 
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6. Rhumbline Navigation (N RMS) 

This function computBS the rhumb line couna and 
distance between any two points. The shortest 
distance between two points on the globe It the 
greet circle. However, great circle navigation in¬ 
volves constant changes in heading while rhumb- 
line is xho ccinetjm; heading path between the 
points. In low and mid-latitudas the rhumplln* It 
sufficient for practically all course and distance 
calculations which private pilots encpunter. 


CRS 

□ 1ST : 

where.; 


^ 0 ILKQ,-LN Sd ) 

tan (45° 


+ H LATJ 
+ X LAT D ) 


GO tLAT D 0 LATgl/COfi CHS if CRS / 90 Or 270^ 


GO [LNG^ ■ LNG^) cos LAT,* otherwise: 
LNGg is longitude oT the Starting point 
LAT S ls latitude of the starting point 
lng d is longitude of the dettination 
LATp Is latitude of the destination 


Note: Accuracy deteriorates as distance Increases or at high 
latitudes. The course thou id not pess through the 
north or south pole# 

To facilitate further computations, LAT^and LNGg 

are replaced by LAT-^ and LNG- respectively. 
Southern latitudes ana eastern longitudes are en¬ 
tered as negative Quantities* 

Example 

Find the feg lengths and ground course for a flight 
from AllB*50'S,15* 12'W) to B[60°21'N F 75°18'W> 
using the point C(30 e 12'N, 37 37'W) as an intermediate 

point of heading change. 
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ENTRY DISPLAY 

rn NRM3 o 
ib iWmsT so ib-so 
|+/- | -10-50 

|~r~|LAT c -10-50-00 



12 

1 S -12 

E lng s 

■ " l 


1 5-1 2-00 

Z0\ HMS [ 

12 

30-12 



30-1 2-00 

37 |TlMSl 

37 

37-37 

E LNa D 

[-] 


37 - 37-00 

* p 

|CMP 1 


336 - 13-31 

I DIST] 


321 i T B 1 S 5 l 9 

PH NRMB 


0 

60 |HmS | 

21 

60-21 

EI lat d 

P- 1 


60 - 21-00 

7S|nras“l 

IB 

75-10 



75 - 10-00 

I CMP | 


315 - 42-40 

[EED 


2371 . 4 S 4394 


explanation 

define function NRMB 

enter latitude of starting 
point 

enter longitude of starting 
point 


entBr latitude of inter¬ 
mediate point 

enter longitude of inter¬ 
mediate point 

course is computed 
distance is displayed 
define function NRMB 

enter latitude of dest¬ 
ination 

enter longitude of dest¬ 
ination 

course is computed 
distance is displayed 


The course for the first lag is 336°!^' and that for 
The second lag 319°£3\ Leg distances are 3215 and 
2372 n.m, 
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7, 


Position by IVOR iP IVOR) 


This function calculates the distance between 
the aircraft and aVOR station. 


DIST 


(GS X ATfME) 


sin (CRS^Rl) 
Sin f R1 - R2> 


where: GS ij the ground spaed of aircraft. 

CRS is magnetic course of aircraft. 

FL1 is the first VOR needing. 

R2 is the second VOR reading. 

^ TIME [s time elapsed between the 
two VOR readings. 


VOR 



i 
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Example : An aircraft ii flying at a magnetic cour« 
of 27° and a ground speed of 1 72 Knots. 
At 5 1600 the OMNI indicates a heading 
of 310° to the station. At 5-28-23 the 
VQR reads 227° to the station* Find the 
distance between the aircraft and the 
station. 


entry 

DISPLAY 

explanation 

[ f \ P IVOR 

0 

define function P 1 VQR 

27 

27 


[CRS1 

27-00-00 

enter magnetic course 

172 

172 


fGS-( 

172 

enter ground speed 

310 

310 


1 HI 1 

310 

enter VOR reading 1 

227 

227 


dm 

227 

enter VOR reading 2 

5 HM5 [26 

JH MS 123 

S-2B-23 

t2 

B 

5-20-23 


s Ik ms he 

1 H MS IIS 

5-16*1 e 

ll 

- 

0-1 2-05 

A t “ t 2 - tl 

f A TIME | 

0-12-05 

enter ATIME 

i CMP | 

34*00456125 

distance is computed 


The distance between the aircraft and the 
station fs 34 n.m. 
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S. Position by 2VOR {P2V0RJ 

This function computes the distance of 
one of two VO Ft from the aircraft. 


DIET 



sin(M DO^ - R2* 
sm (ri rz; 


M 



whftrer DlST - distance of aircr*n 
from VOR^ 

DlST^ => distance between 
the two VORi. 


AIRCRAFT 


- magnetic heading 
of VOR^ from voRp 

HI “ redial from VOR^ 

R2 - radial from VOR^. 


Not*. The aircraft and the VQRs should nCT; on 5 
straight line. 
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Example 


What H the distance between the air¬ 
craft and VOR 1 if the redial from it 
reads 195 & and that from VOR^ which 
is 3D n F m, and 137° from VOR 1 reads 
230®? 


entry 

display 

EXPLANATION 

[FI P 3VOR 0 

define function P 2VOR 

195 

195 

enter redial from VOH^ 

r^n 

195 

30 

3D 


1 DlST f 

30 

trier distance between 

1 1 1 


VORj and VORj 

137 

137 

enter bearing or V0^ 
from VOR^ 

HOG 1 

| 137-00*00 

230 

200 

oncer radial from VQfl^ 

r~R2 i 

| 280’ 

Lp m l 

| 1B.12341576 

distance Is computed 


So VOR 1 


is 1H n.m. dwdv from the aircraft. 
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This function comeutA the position af an aircraft 
given the latitude and longitude of the starting 
point, the ground speed, and true courts of the 
aircraft and the flying time. 

. _ . . _ , & TIME x GS 

LAT d = LAT s ^- - s - d - cos CRS 


, fcl - 1BO, „ tan (45° + ^ LAT J 

LNG. - —— {tan CRS) In _ 

^ tan (45° + M LAT^J 


if CRS ^ 90° 
or 270° 


A TIME k GS sin CRS 
60 cos LAT- 


TIME is flying time. 

CS is ground speed of aircraft in knots. 
CRS is true course of the aircraft, 

LATq ii the latitude of the aircraft *t die 
and of the flying lime. 


and of ihe 1 Lying lime. 

To facilitate further computation at the and of cal- 


Time ri destroyed. 


N DT E: Th» fiiflhT path may not pa« Th rough 

south cr north pole. Southern latitudes 
end eastern longitudes are entered as 
negative Quantities, 






Example 


: Starting -from 25050'S, 1 5°45'W and 

going at BOS knots ground speed and a 
course of 335°, what is the position after 
2 hours of flight? 

1 1 then the true course is changed to 255 & 
and ground speed changed to 572 knots, 
find the position of the aircraft after 
another 1 hi hours. 


ENTRY 

DISPLAY 

EXPLANATION 

in P RMB 


define function P RMB 

25|~~hmS| 50 

LbLJ 

25-50 

—2 5-5 0 


Dlat 5 

-25-50-00 

enter latitude of starting 
point 

151 HMSl 45 

15-45 


IZ3 lng s 

1-1 

1 5-45-00 

enter longitude of start¬ 
ing point 

gob 

GOB 


fGE 1 

60 & 

enter ground speed 

3S5 

25 


|CRS| 

25-0 0-0Q 

enter true course 

2 

2 


f £T1ME ] 

2-00-00 

enter time of flight 

ijCMPl 

7-27-56 

latitude of aircraft Is 
computed 

J~F~[ LNG q 

6-45-53 

longitude of aircraft is 
displayed 

So the position of the aircraft after flying two 
hours is 7°2B'S, e°46*W. 

To continue with the problem; 
pT| p rmB define function P RMS 

255 

2S5 


1 CP5J 

255*00 00 

enter new course 

G7 2 

572 


i GS i 

572 

i enter new ground speed 


62 . 


ENTRY 

1.5 

|A thue"| 
EEDlng d 

J-1 


DISPLAY 

V5 

I- 30-00 

II- 10-00 
20-A5-52 


EXPLANATION 

enter flight time 
latitude of aJrcfirft 
longitude pi aircraft 


Thus flftsi another l hours, the aircraft wiN 
be at 1 20 D fl&'W. 
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10, Navigation by IVOR IN IVOR) 

This function calculates the course and distance to 
derTinaTiOn with signal coming from a VOR of known 
di(T*nc»f from tha aircraft. 

(DIST j CRE^I - [DI5T r nh P> i\ 

where: DIET >s between the air- 

craft and destination, 

CR£ is mag runic course 
i& dhtinATiDn from the 
aircraft. 

DiET 1 is distance t»two«n 
destination and i/OR 
station, 

ftl is magnetic bearing of 
rtentjnation lyorri VOR 
Station* 

DI^T^ is distance betwa^n 
aimralT and VOR rtition. 

R2 is magnetic bearing of 
aircraft from VOR station. 

Note: R2 is destroyed durrng computation. 


N 
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CURRENT 

POSITION ICRS 


IT- Navigation by 2VQR fN 2VQR ) 

This function computes the course ano 
distance to deni nation with signals 
coming from 2VOR stations. 

D _ DIST 2 sin(HDG ? ■ R2) j 
iiiMRI - ] 

jOlST. CR^) - (DJST^, HDG^ . fb.R j} 

where: DlST^ is distance between 

VOR, end V0R„. 

1 3 

HDG^ is magnetic bearing 
of VOR^ from VDR -J . 

R2 Is radfaJ rrom VOR 

2 ' 

Rf it redial from VDR^. 

DfST^ is distance between 
VDR 1 and destination. 

HOG^ is magnetic bearing 

of destination from VOR , 

Note: VOR 1 and VOR^ should not b* in b straight 





Example 


VOR Js 1 5 n.m. and 135° from VOR 1 . 
2 1 
Destination Is 22 n.m. and 260° from 

VOR t - If radial* from VGR^ and VOR^ 

mad 1 S0° and 240° respectively, 
should be the course and distance to 

destination? 


ENTRY 

DISPLAY 

explanation 

m M3VQB 

15 

0 

15 

define function N2VGR 

dlst 2 

1 

15 

enter distance batwaeri 
VOR and VOR, 

135 


135 

1 2 

enter magnetic tearing 
erf VQR^ from VQR 1 

hog 2 | 


135-00-00 

22 


22 

enter distance betwwi 
VDR. and destination 

DIST^ 


22 

260 


260 

1 

amsr magnetic tearing 
of destination Irom 

1 HDG t 

I 

260-00 00 




VOR 1 

130 


100 


LED 

130 

enter radial from VOR^ 

240 


240 


r^i 

240 

enter radial from VOR^ 

f CMP "j 

300-47-23 

magnetic course is dis¬ 
played 



25.22GS3S73 

distance to dostinatfon 

I D1ST 

3 


The distance to destination is 25 n T m H and the 
magnetic course is 300° 
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Mrscrlleneoui navigational problems 
using basic functions. 

The Navigation calculator proved* programmed sol* 
utions to mort problems u navigator may encounter. 
However, with 3 || iha basic functions available to 
him, an intelligent user can gat more out o f the cal¬ 
culator in addition to the preprogrammed functions. 

The 1 qI lowing section given aximpim on now thecal* 
cu later can be used to sotua problems not pro prog r*m mad, 
but may be of Interest io a navigator. 

A. Weight ai>d Balance of Aircraft 

It i* vary any to calculate the total groat weight and 
rnovomant or gross weight and center of gravity that 
are used TO determine your position in rhe weight- 
balance envaJope furnished with your aircraft. 

Knowing mat: 

Movement ■= Weight x Arm 

Center of Gravity - jE Mowm * nt 
Weight 

w* can use multiplication, division and sum io memory 
keys to solve our problem. 


Example 

i The following table give* weight and 

balance derta for an aircraft. 

Item 

Weight <lb] 

Arm Movement 

Empty 

Plane 

1,500 

ISOOO 

PiiOT 

130 

1026 

Passenger 

125 

3S 

DU 

15 

-5 DO 

Fuel 

130 

25 

Find the gross weight, total movement end center of 
gravity. 

entry 

O ISP LAY 

explanation 

1500 

1600 

weight of piance 

jSTOI | 

1500 

store weight of plane 

IBDOq 

isooo 

movement of plane 

Jj~) 

13000 

■tore movement of 
plane 

-ISO 

ISO 

weight of pilot 
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0 0 


DISPLAY 

ISO 


EXPLANATION 
H weight 


k N T R Y 


m3 

iso 

r weight 

CD 10.25 

10.25 

arm 


1845 

movement of pilot 

B ** 

1845 

t movement 

125 

125 

weight of passenger 


125 

^ weight 

no as 

28 

arm 

[=} 

4750 

movement of panen; 

B jsj, 

4750 

^ movement 

IS 

15 

2; weight pi oh 

1X1 

15 

i: weight 

500 +/- 

500 

movement of Pit 

rn £2 

-500 

y movement 


130 

130 

weight of fuel 


130 

;C weight 

IE1 25 

25 

arm 

S 

3256 

movement of fuel 

a ^ 

3250 

rmjvemont 

m rcl2 

27345 

total movement 

... i 

E 

|PCL1 } 

1950 

total weight 

TE2 

14.02307692 

center pf gravity 


Wflj c hT - 1,950 rts* 

Corner of Gravity = *> 4.02 
Mauefnffm = 27,345 


B. Head Wind and Cross Wind 

The head wjnd arid cross wind conponenis can ba 
computed as follows; 

HW ■ VkSctM (WO - HOG - VI 
CVV *= WSsin (WD - HOG ■ V) 

vwhere; 

WS <* wind speed 
WO f? wind direction 


HOG is magnetic heading of aircraft 
V is maanaiic variation 

A positive HW means head wind and negative mean* 
tail wind. 

A positive CW means right cross wind and negative 
means left cross wind. 

Note: V is aero when winds era reported in magnetic 

direction. Wind directions repo ns d by the control 
tower are magnetic and the variation need not be 
input for take off and landings. Other wind dir¬ 
ections are reported in True directions and variation 
must be includes 


Magnetic variation it t for f and t for W. 


E Sample 


ENTRY 
210 
CD 305 

a 

19CED 

| STOI ] 
f COSj 
nn 50 

EJ 

| HCL1 ] 


At altitude the wind is reported as 21 0® 
and 50 knots. Your magnetic heading is 
305°. Find the heap wind jrd cross wind 
components if the magnetic vsriat'pn is 
19° W. 

DISPLAY EXPlANAT/ON 

210 enltr wind direction 

305 minus magnate heading 


magnetic variation 


-114 

-114 

^0.405736643 

C0 

26. 32653215 
-1 M 


WD'hDG-V 
store WD-H DG-V 


wind speed 
head wind 
WO-HDG-V 
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ENTRY DISPLAY EXPLANATION 

j vn 1 -0,913545457 

L^O Sp SO wind speed 

I ^ f -45.6772705 cross wind 


$o the tail wind is 20.34 knots and tha left 
crots wind ii 45.63 knots 
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C. Turn Performance 

The parameters involved in a turn: G-force, turn 

diameter, time required to complex a 360° turn, and 
staM speed cjh ba commuted using the following formula 



OiamciKr 


TAS* 

34 20S lan^J 


-r imtt _ 0.0056 - TAS 

[ i m o — tt 

tan p 


Stall 

Where: ^ 


(normal siafi]//cos~> 


bank angle of the aircraft 


TAS m true a[r spend 

Example ; Calculate the g) G^orc*, (tp dismaipr 
of turn, (e) tima required for a 360 ° 
turn, and ©the stall *P®ed lor ah air- 
era Tt tn * 45 ° bank anste with a cruis¬ 
ing fpKd of 11 5 knots and a stall speed 
of 50 knots. 


ENTR Y 
45 

JcQ=1 

0 


Solution; 

(S to obtain the G-farce, enter as follows 
OrSPLAY EXPLANATION 

45 bank angle 

0.707106701 
1.1414213562 Q -force 


G-force = 1.141 
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Q 


to obtain the diameter pf turn, enter » ■folfovw: 


ENTRY 


DISPLAY 


explanation 


115 

115 

true air speed 

El 

13225 


HQ 342DS 

34208 


EJ 

0.3B66D5472 


4£ tFanj 

1 


CZH 

0.386605472 

diameter of turn 

Dfameter of turn - 0387 nautical mile 

(c ~) to find the Time to turn 3o0°, enter at follow* 

ENTRY 

DISPLAY 

EXPLANATION 

0-0055 

0,0055 


S3 M6 

115 

true air speed 

C3 

0.8325 


45 Kan 7 

1 



0.6325 

time to turn 360° 

Time to turn 360° =" 0.633 


(d? to find the seel) spaed, enter as follows: 

ENTRY 

□ rSPLAY 

explanation 

SO 

so 

normal stall 

13 *s£oT] 

0.707105781 


Ek* 

0.840896415 


tn 

25,1365692 

stall weed 

Stall sf**d ■= 

95.14 knot? 
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O Great Circle Plotting 

Given the latitude end longitude of two point? on 
the globe and an intermediate longitude, we can 
calculate the latitude corresponding ia the intersection 
of the great circle route and the intermediate longitude. 



whore; 

A * (tan LAT D cos LNG g 'tan LATg cos LNG q > 
k iin LNG ( 

S ™ Itan LAT^ sin LNG^ - tan LAT^ jin LNG^J 
x cos LNG ( 

NOte: No leg may pass exactly half wey around the earth, 
and lines t>1 longitude miy not be plotted. 

Southern latitudes and Qvnrn longitudes are ex¬ 

pressed m negative quantities. 

Example Find the corresponding latitude tor an 

intermediate point at 27025'W on die 
great circle route trom point A n2°l2 J S. 
20°34 , W} to point 9 (40°55'N, 37°4Q'Wl 

entry display explanation 

cO [HMg 55 40-55 LAT D 

f tan 1 fxV Q.8G673S457 

20 34 20-34 LNG S 

Hnin 0,304401927 

[E [ 12 

FHaSl -12-12 LAT S 

12{±£] 

[tSn\ 0 -0.216207652 

37 tM^l 

40 37-40 LNG D 

-0.13211726 

EJ 0,436599207 
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entry 

37 IHMSJ 
25 

F™~1 

EJ 


DISPLAY 
27 25 

Q.B£760i4S 

0.38756103 


EXPLANATION 

LNG 
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ENTRY 

OISPLAY 

explanation 

40 PmsS 55 

4 0-55 

LAT 0 

rm 0 

0.068736457 


20 pMSl 34 

20-34 

LNG s 

fco*l □ 

0.31 1404203 


E ^12 FimsI 

-12-12 

LAT s 

1 tan I Txl 

-0,216207652 


37 HMSJ 40 

37-40 

lng d 

f^o3 0^ 

-0.171145474 


S] 

0.902539673 


27 iHMSf 25 

27-25 

LNG S 

hin| 

0.46045302 


E3 

0.45246432 

A 

fncL TJ 

0.38756103 

0 

B 

6.4 90329009-02 

A-B 

E 137 



V-IMSI 40 

37-40 


EJ 2QFi5s| 



34 

20-34 

lng a limg* 


17-06-00 

O 3 


0.234040325 


C5J 

0.22072321 4 


El^ 

12.44726451 


FT 

12-26-50 



so t*9 Irmnnetfijm point on the groat circle route 
is 2 7°25W), 
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The rate of climb required to change altitude in The 
specified distance is. given by: 

TAS (A ALT) _ 

60/CHST 2 + (iALTf 2 
where: TAS Is trut tir ;p«d 

^ ALT is e'evntion change 

D1ST is the distance over which the change in 
elevation is it? take pitoa. 


On the other hand, if the rata qI climb it specified, the 
distance required to meKe the change can be camputPd 
as foirown: 


D<ST 


TAS x ( £ ALT) 


60 ROC 


[A ALT) 2 


where: ROC it the rate of climb 


Example 1 


ENTRY 
S9O0 14 
6076 F~H 
|STQ1| 

CO 95 

BE3J-, 

40 


40 n.m, fiui of San Francisco ^iwaiion 
3000 fO Ties b mountain pas* having 
an elevation of 7400 ft. Assuming a 
dim bout TAS of 95 knot*, whet if the 
minimum ROC you must maintain to 
clear the pass bv 1500 feet? 

A ALT = 7400-3000+150 G = 5,900 ft. 
DISPLAY EXPLANATION 

S900 ^ ALT 

0,371033574 ALT in n.m. 


95 TAS 

92,2481696 
40 


D1ST 



DISPLAY EXPLANATION 

0,942906203 f A ALT) 2 

1600*342905 DlST 2 + { A ALT) 2 
40*07 1 73459 

2.305525496 ROC in Knots 

3*842542497-02 ROC in n.m./min. 

233,4728821 ROC in Feet/min. 


So The ret* of dimh is 233,47 feat/mln. 


Example 2 If a different aircraft climbs gut at 650 

ft/mln end maintains an airspeed o+ 100 
knoTi* Whfli is the distance required for 
It to climb ic 0000 Feet? (Again, 

Zi. ALT - S.90D feet,) 

entry display explanation 

100 m 100 TAS in knon 

6075 f VI SO7600 TAS in foevhr. 

60fZI 10126.66667 

TAS in faet^min* 

5900 S90O A ALT 

06&O 6 SO ROC 

PH 91918*97436 

|x^FT _ 6449183766 

5900 0 3481000a Malt) 2 

r^T 8414379766 


06076 0 


91729,92841 DJST in feet 
15.097091 S7 

DIST in n.m. 


So it take* 1 5,1 n,m* for th* aircraft to climb to 
8,000 feet. 
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Appendi* A 
Error Conditions 

An error condition resets when an improper operation 
is performed or when the result of an operation over¬ 
flows or underflow* the absofuic rang? of the calculator. 

When an error condition occur* the word "ERROP" j'i 
displayed. 

Pr*w the clear key to clear the error condition. 

Improper Operation: 


X 4 Y 

wh*rO Y - O 

a 

where y < 0 

PH x^nr 

where XCO 

O 

where X % 0 

QZE3 

where X “ 0 


where X *£ 0 

]ioal X 

where X < 0 

(f 1 *m'^ X 

Where X > 1 

[TJ cosX 

whare X > 1 


Overflow 

Occurs when a computed result is greater than 
9.999999999 * 10 ” 

Underflow 

Occur! when & computed mimt is less than 1.0 x 10' 3 ^ 
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Appends B 
Dparacen fl Accuracy 

The precision of your calculator depends upon 
the aperahon being performed. Basic oddit'On, 
subtraction, multiplication. division, reciprocal 
BEsifinmonTS and unit conveniens have a maxi¬ 
mum error ■+■ one count In the Tenth or l&ifit sig¬ 
nificant diflit. 

While count Jess computation* may he performed 
with complete accuracy, the accuracy limi-oof 
particular operations depend upon the input 
argumoni as shown tw[ow. 


function 

ed*: 

INPUT argument 

positive x 

MANTISSA 

ERROR(MAX-) 

1 count m O lQ 

* 

X > 0 

1 count in D^ 0 

pool * 

x > 0 

1 count in q 

a * x 


1 count in 

HD 40 ^ 


1 count in 

El 

153^ 

y > 0 

CK>< $i£3eao x>r 

QO < ^ 2 ^ 

4 count* in 

1 count in 

1 cosl ^ 

0 O< (^sisecjo or 

1 count in 

ESS f 

$^89° 

09o< ^89-950 

4 counts in 

1 count in 

f f- j sin ^ x 

CO p^' 1 * 

ICT 1 ^ X <1 

TO-TO^ X ll 

8 <:5xia^° 

E ^5x10 10 

fFI tan - 1 x 


E * 5xlO l0 
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Navigational Functions 


Accuracy for the navigational problems depends 
on the parameters and alio on the function. 
Generally, The occuraeV It very good, the error 
being 3 counts in the ninth digit. 


Appendix C 

A QUICK GLOSSARY Of TERMS 

SEARING: The horizontal angle at a giver pmnt, measured 
cloekwiso from a specific reference datum, to a second 
point. The direction of Ono point relative 10 another, as 
measured from a specific reference datum* 

CALIBRATED AIRSPEED (CAS); Indicated sirspead 
corrected for pitotniatic instal'ation and/or the altitude 
of the aircraft. 

COURSE: The intended direction of tr*vol r 

DENSITY ALTITUDE: Pressure altitude corrected for 

temperature, 

DEV I AT ION: Compass error due to electrical equipment 
a nd mfitai parts on the aircraft. 

distance measuring eouipment (dme)-. Equip 

m ant for measuring the distance between an aircraft and a 
ground station. 

GROUND SPEE D fGSl: The acTuul speed of »n aircraft 

relative to the surface of the earth. 

HEADING: The enoular direction oi the longitudinal axis 
of pn nTcrafr measured dochwiM from a reference point. 

INDICATED AtH TEMPERATURE fINO TEMP): The 
urtcorr«cied reading from ihe free air to m Pareto re gauge. 

MACH NuMSE R: The ra^Q of the velocity of a bodV to 
that of sound >n the medium in which th* cra+t it moving. 

MAG N ET 1C V A RI AT ION : The difference batmen mag* 

netic and true north. Variation ii positive for westerly and 
negative /or eattwrly. Thus True Couth + Variation - 
Magnetic Coursa.30.4S 

NAU Tl CA L MI L E (N M): A unit of distance used i n nav* 
i&ation, 6.OSD ft.: the mein length of one minute ol long* 
itude on The equator: approximately 1 minute of latitude. 

1.1 5 ttatute miles. 

PRESGU RE ALT ' TUDE; Reading on the altimeter when 
it is set ai 2& 92. 

RHUMB LJ NE- A JIna on The surface of a sphere which 
makes equal oblique angles with *fl meridians. A loxo- 
dromic curv», 

TRUE AIRSPEED <TaS): Equivalent airspeed corrected 
for density aU^ude (pressm re. and Temperature). 

Si. 


TRUE AI R TEMPERATURE (TAT): Basic Sir temp¬ 

erature corrected tor *he hear o-t compression error. Also 
known as outside air temperature (OAT). 

VARIATION: The difference between magnetic and 

True north. Variation ^ positive for westerly and negative 
for easterly. Thus True course + varratipn = magnetic course. 

VERY HIGR FREQUENCY OM N IDIR E CTI ON AL RADIO 
RANGE {VOR): A ground transmitter radiating dir- 

actional signals by which an aircraft firidt its bearing. 


APPENDIX D 
Rechargeable Battery 
AC Operation 

Connect ihecharge t o any standard electrical ... 

plug The pact into the Calculator. After the ,ii, E ,v E > 
connections have been made the power switch m,jy ' r 
turned ON. 

Battery Operation 

Disconnect lhe charger cord and push thepOwyi nwm h 
"ON". With Normal use a full battery charge can b:* 
expected to supply up to 2 hours of working limr;. 

When lh* battery fa low ligures on display will dim, I >i - 
not continue baitery operation, this Indicates the mn^i 
for a battery Charge. calculator can be 

continued during the charge cycle. 

Battery Charging 

Simply follow the tame procedure as in AQ operation, l-i,: 
leave Lno power iwicch off. if a power cell has completely 
discharged, the calculator should no( b*? operated on 
battery power until it has been recharged for at least Q-fr 
hours, unless otherwise instructed by ^ notice accompany . 
ing your machine. Batteries will reach full efficiency 
after 2 Or 3 charge cyoJ& 4 . 

U*e proper Comm^dore/CBM adapter recharoer rgr AC 
operation and recharging. 

Adapter 6-40 or 7Q7 North America, 

Adapter 703 England, 

Adapter 709 West Germany. 

IMPORTANT —Law Power 
K battery ij low: 

a. Display will appear erratic 

b. Display will dim. 

o. Display will fail to accept numbers. 

If one or all of the aho^-e conditions occur, you may ch^k 
for a low battery condition by enuring a seri« of g‘s. i r S s 
fail to appear, operations should not be continued on 
battery power. Unit may be operated on AC power See 
naTtery charging exp Ignat j On. If machine continues ;o be 
inoperative see guarantee section, 
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INTERNATIONAL SYSTEM OF UNITS l$l) 
CONVERSION FACTORS 
Conversion to Metric Measures 

Symbol Given Multiply by To Obtain Symbol 

LENGTH 


in 

Inches, 

25.4* 

millimeters 

mrri 

ft 

feet 

30 48 

centimeters 

cm 

Vd 

yards 

0.9 144* 

meters 

m 

mi 

rnilfT 





(statuie) 

L6&9 

kilometen 

km 

nmi 

m Fl« 





{nautical) 

1.352* 

krignuiTtri 

km 


micron 

1.0“ 

micrometers 

/jm 

A*? 

angstrom 

0.1 “ 

nanometers 

fim 

AREA 





cmjl 

circular mi'Js 

0.0005067 

tq.mill imeiers 





mm 2 

in 2 

iduare inchet6.4E2 

sq. cent im stars 





cm 2 

ft 2 

iquan f«t 

0,09230 

sq. meters 

m 2 

yd 2 

square vhmJs 

Q,S3fi1 

sq.meters 

m 2 

mi 2 

sq.miLpt 





(STOTute) 

2 590 

»q.kilo- 





maters 

km 2 


acres 

(X4D47 

hectares 


VOLUME 


(lO^m 2 ) 

ha 

fJ . 02 . 

fluid ounces 

29.57 

cubic cm 

cm3 nr m 


(US) 


{millimeter!) 


031 

gallons (US l]q} 





3.785 

[iters 

1 

g&J 

gallons (imp) 






4.546 

liters 

to 

in 3 

cubic inches 

16.39 

cu tent! 1 





meters 

cm 3 

t! 3 

cubic feat 

0.02832 

cubic meters 

m 3 

yd^ 

cubic yard 

0.7&46 

cubic meters 

m 3 

bbl 

barrels f US 





petrbl) 

0,1590 

cubic meters 

m 3 


acre feet 

1233.5 

cubic meters 

m3 

SPEED 




ft/mtn 


5.000* 

millimeters 

mrr./s 


Tsai per minute 

par second 


mi/h 

miles par hour 





0,4470 

meters per 

m/s 


t wc 


Symbol Given Multiply by To Obtain 

Symbol 

km/h kilometers 0,2773 
per hr 

maters per sec 

m/i 

kn knots 0,5144 

MASS 

maters par sec 

m/fi 

oz ountestJvdp) 29*35 

grams 

g 

lb pounds(audp) 0.4536 

kilograms 


tbn short tons 0.9072 

£2000 lbs) 

density 

metric tons 
(1000 kg) 

T 

ib/ft 3 pounds per 16,02 
cubic foot 

FORCE 

kilograms per 
cubic meter 

kg/m^ 

az t ounces*feme 0,2700 

newton i 

N 

Jb, pounds-force 4.44£ 

kfl, kFloersms-force 

ntwioni 

1M 

9.307 

newtons 

N 

dyr. dynes 1<T 5 

WORK, ENERGY — POWER 

newtons 

N 

ft*lb, foot pounds 1,355 
-force 

jcuJes 

J 

caJ caForle 4.184* 

(thermochcm) 

joules 

J 

Btu British Therm*l 

uniitfmtFi 1055 

joules 

J 

hp hprwpower 746* “ 

faJec) 
ft'ItJl./S 

watts 

W 

footpounds- 1.356 
force per second 

waits 

w 

Ctu/h British thermal 

units 0*2931 

per hour (Inti) 
PRESSURE 

warn. 

w 

lb./in 2 poundj^fcirco 6,393 
/inch 2 

kilopuqaJs 

kPa 

Jb,/ft 2 poundS'force 47,80 
/foot^ 

kg*/m 2 

Pascals 

Pa 

kilogram;- 9.S07 

force/meiar 2 

pascals 

Pa 

mb millibars 100*0“ 

P3KlJt 

Pa 

mmHflmillimflTrs of 133*3 

Ha 

palais 

Pa 

in h 2 0 inches of 0.2491 
VJater(29°F) 

kilopeaca^ 

kPa 

ft feet of water 2.98 9 

kiFopascalt 

fcPa 


as. 




LIGHT 

fc foottandtes "10,76 lux 

tL foOtlambarTs 3.4Z5 wndc^s par cd/m J 

sq T mei^r 

Symbol To Obtain Divide by Given SvmboT 
Conversion FROM Metric Measure 


temperature 

Symbol Given 

Compute by 

To Obtain 

Symbol 

°F °Fahrennen 


°Cefsiu 3 

Or 

°C °Col 3 ius 

°c| + 32 

° Fahrenheit 

D F 

* Indicates exact value 5 omn when rounding 
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Symbols For Quantities 

Quantity Qty r 

SI 

Unit 


Symbol Unrt Symbol 

length 

/ 

meter 

m 

mm 

m 

Kilogram 

Kfl 

time 

r 

second 

t 

frequency 

/. ) 

herti 

H: 

angular frequency 

w 

radian por 

re d/s 

area 

A..S 

sec 

sq,meter 


volume 

V 

cubic meter 

m 3 

ueiocitY 

V 

meter par 

m/s 

acc&r&railon (j[near) s 

second 
meter per 


force 

F 

sec^ 

newton 

m/s 3 
N 

torque 

Tr-M 

newton meter 

pfeuura 

p 

pascal 

N “ iT| 
Pa 

temperature 

(aOLOlutH) 

T^O 

Kelvin 

K. 

temperature 

(customary) 


degree Celsius °C 

attenuation to- 

efficient 

oc 

neper per rntrNp/m 

phase coefficient 

A 

a 

radian per 


propagation 
coefficient _ 

meter 

reciprocal 

meter 

rad/m 

radiant intens’tty 

i 

wait per 

W/flr 

radiant flu* 

Pd 

rtc radian 

watt 

W 

jrradiance 

£ 

watt per 

W/m^ 

luminous intensity 

t 

jq, meter 

candela 

cd 

luminous flu x 

6 

lumen 

lm 

INun-iinance 

E 

ILTK 

Ik 


Identic^. 

Unit 


j/s 


N/in^ 


im/m 


2 
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PHYSICAL CONSTANTS 


«l«ctFonic .. o 1,6Q2 y 1 C 

of light in v«cuum__2.9979 x ID® m/s 

pan-ruttivity of vacuum, *loc oonit,,, * 6,354 x lO" 1 ^ F/m 

permeability of vacuum, mag conit . in f0'^ H/m 

Planck conttant.„... h 6,626 xlO'^'J 4 * 

Boltifnann constant.... k 1,33 v. IQ' 23 J/K 

Faraday constant. . F 9,64fi x 10 ^ C/mol 

*ur.dard 0ravl»noriai KOFieratfon,, g 9,807 m/s 2 
normal prfiiiur^ . atm 

101,3 kfia 

FACTOR 10 12 w* T10 1 delta dilO^ m^erc ^ 

UNIT PREFIX, lO^gige G 10^ nano n 

SYMBOL 10* mtfla MID' 1 deti d 10" 12 p^eo p 

IQ* 3 kHo It ID' 2 c*nti c lO" 1 ^ famto f 
ID 2 hBCT&h ID"® mjllh ml D* 1 8 am i 
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